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Karnataka coast is subjected to several factors of pollution due to several anthropogenic activities. Such activities vary 
between other development aspects and fishing harbour. Studies on water quality parameters in seawater and heavy metals 
in wedge clam, Donax scortum (Family: Donacidae) were carried out from Padukere beach. Significant variability in the 
water quality parameters and heavy metals was observed in Padukere. The concentration of Mn was lower during pre-
monsoon followed by post monsoon and monsoon, whereas the concentration of Zn was found to be high during post 
monsoon season followed by monsoon and pre-monsoon. Zn concentration was the highest in D. scortum compared to 
earlier studies from other geographical regions. The dendrogram indicated that the pattern clustering showed that seasonal 
variations in environmental variables and metals were determined by seasonal effects, and the influx and nature of water 
from Udayawara river. The dendrogram of temporal clustering of monitoring periods at Padukere showed that variation in 
the environmental parameters and metals in D. scortum were only determined by seasonal effects with transition months. 
PCA was used to interpret relationships between variables. Perhaps the distribution of metal concentrations is by the nature 
and frequency of discharge. 
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Introduction 
Marine benthic macro- and microorganisms are 
important components of the marine and coastal 
ecosystems and play an important role in maintaining 
the ecological balance. They are the major food 
sources for many fishes. Crustaceans, bivalves and 
polychaetes are dominant among the macrobenthic 
organisms and they are considered as environmental 
indicators. In India, pollution due to metals is 
becoming a big issue for local management, 
especially in estuarine and coastal regions which are 
the final repositories of anthropogenic activities. 
Many metals upon release remain in the environment 
for many years and continue to pose environmental 
threatsand health risks. Anthropogenic activities 
continuously elevate the concentration of heavy 
metals in natural waters1. Metal pollution resulting 
from industrial or recreational activities is greatly 
increasing along Karnataka coast2-4. Due to their 
harmful effects on human body, the presence of heavy 
metals can limit the quantity of molluscs which 
humans can use as food source. The presence of 
pollutants in the environment and their bioavailability 
in the aquatic organisms could lead to natality 
reduction or reduction in somatic growth rate leading 
to decrease in consequent population growth rate, 
affecting their life cycle with future implications at 
ecosystem levels5,6. Over the past several decades, the 
increasing use of metals in industries and factories has 
lead to serious pollution through emanations and 
effluents7-9. Heavy metals cause environment impacts 
under particular environmental conditions10. 
Bivalves are filter-feeding invertebrate macrofauna 
and can accumulate metals from water, food and also 
through the ingestion of inorganic particulate 
materials11,12. Heavy metal pollutants are conservative 
and are often highly toxic to biota13. The wedge 
clams, Donax species live in higher and lower zones 
of muddy and sandy beaches. Recently, Donax 
species have been used to monitor the ecological 
status of coastal areas14-16. In the study of Singh17, 
reported Donax scortum as a cheap source of protein 




for human consumption. Recently, Tenjing18,19 studied 
population dynamics, allometry and condition index 
of this species and found that this species can survive 
for long period, and shell dimensions, weight and 
condition index are correlated with seasonal 
variations. Along Karnataka coast, inshore waters 
lying adjacent to Karwar, Udupi and Mangalore 
receive effluents from several anthropogenic 
activities, including port activities, dyes and pigment 
processing plants, fertilizer plant, iron ore processing 
plants, petroleum refinery, caustic soda plant and 
from many other sources. Along the south west coast 
of India, agricultural, municipal and industrial wastes 
influence the inshore waters indirectly or directly. 
Estimation of heavy metals concentration is important 
for the assessment of pollution in environment. From 
the toxicological point of view, information on the 
donacid (wedge clam) in India is rare. Therefore, the 
present study used D. scotrum as a biomonitor of 
heavy metal contaminations. The study is aimed to 
investigate 1) the relationship between abiotic 
parameters and heavy metals, 2) seasonal variations 
of heavy metals, zinc and manganese and 3) to detect 
the concentrations of heavy metals are beyond the 
maximum permissible limits or not for human 
consumption.  
 
Materials and Methods 
 
Study area 
Karnataka is one of the major states of India. This 
state is characterized by three seasons, namely pre-
monsoon (February-May), monsoon (June-
September) and post monsoon (October-January). 
Padukere is a sandy beach located along the coast of 
Karnataka, near the mouth of Udayawara river (Udupi 
district; Fig. 1). Near to this study area, exists a group 
of four small islands collectively known as St. Mary’s 
island. This spreads over a distance of 4 km from 
north to south parallel towards the mainland of 
Padukere. Tebma Shipyards Ltd. (shipbuilding 
company) is located near to the study area and fishing 
harbour. 
 
Sample collection and analysis of environmental parameters 
Samples of seawater and wedge clam, Donax 
scortum were collected for a period of 12 months at 
monthly intervals from February 2009 to January 
2010 from the intertidal region of Padukere (13°20' N; 
74°41' E). Temperature (sediment, water and air) was 
measured in situ using a simple mercury thermometer. 
For the estimation of dissolved oxygen (DO), 
seawater was collected from the site and was fixed 
immediately with Winkler's reagents. Afterwards, the 
DO content was estimated in laboratory following 
Strickland & Parsons method20. Salinity, electrical 
conductivity and pH were estimated using Water 
Analyser (Systronics, WA 371 kit). Data on rainfall 
during the study period were collected from the 
Agricultural Research Station, Brahmavar (Udupi), 
Government of Karnataka. 
 
Analysis of heavy metals 
The wedge clams, D. scortum were measured for 
shell length (maximum anterio-posterior distance) 
with an accuracy of 0.1 mm using Vernier calipers21. 
Ten larger sized specimens of D. scortum ranging 
between 50 to 60 mm were pooled monthly. The 
meats of the wedge clams were removed with the help 
of a stainless steel knife, washed with distilled water 
and later dried at a constant temperature (60 °C) for 
48 hours and homogenized. The homogenized meat 
 
Fig. 1 — Sampling location at Padukere, Karnataka 




(0.5 g) was digested in triplicate. Digestion process 
was done carefully, and the samples were kept in pre-
cleaned vials2. The concentration of heavy metals, Zn 
and Mn were measuredusing an AAS (Atomic 
Absorption Spectrophotometer, GBC 932plus) and 
were expressed in μg/g dry weight. 
 
Statistical analysis 
The values of each environmental variable and 
heavy metal obtained from each were analyzed to test 
one way ANOVA. To study seasonal variations, 
monthly data were classified into three seasons, viz., 
pre-monsoon (February-March), monsoon (June-
September) and post monsoon (October-January). The 
data on water quality parameters and heavy metals 
were subjected to cluster analysis (CA) to identify 
relatively similar or homogeneous groups of seasonal 
patterns using SPSS software (16.0). Principal 
component analysis (PCA) was performed to 
understand the relationship between water quality 




Environmental parameters in Padukere beach  
Monthly variations in sediment, water and air 
temperatures are presented in Table 1. The lowest 
(24.5 °C) and highest (31.5 °C) sediment 
temperatures were recorded from Padukere beach in 
April and December, respectively. The water 
temperature ranged from 26.0 °C (April) to 31.2 °C 
(December), whereas the air temperature ranged from 
24.8 °C (July) to 32.0 °C (March). The pattern of 
seasonal change in water temperature is similar to that 
of changes in sediment temperature. Monthly rainfall 
data recorded near sampling site is also presented in 
the Table 1. The monthly rainfall varied from  
7.2 (April) to 1762.1 mm (July), whereas there was no 
rainfall in December and February. The maximum 
rainfall was recorded during the south west monsoon 
period ranging from 550.7 (August) to 1762.1 mm 
(July, 2009). In the present study, the value of 
dissolved oxygen ranged from 5.27 (April and May) 
to 7.30 mg L-1 (January). The seasonal fluctuation in 
the salinity of seawater during the study period  
was found due to variability in rainfall. Salinity  
values were similar during the monsoon season.  
At Padukere, salinity fell from May reaching the 
lowest value in July (25.3 PSU). The highest salinity 
value recorded was 27.7 PSU in April. The pH of 
seawater ranged from 7.55 (February) to 8.40 
(October). In case of electrical conductivity, the 
minimum and maximum values were 43.6 mS 
(January) and 48.5 mS (March and April) during the 
post and pre-monsoon seasons, respectively. The 
seasonal fluctuations in concentrations of phosphate 
and silicates were examined and the highest 
concentration of phosphate (3.58 μg-at P/l) was 
observed in February and lowest in January  
(1.5 μg-at P/l). The silicate content of seawater 
fluctuated between 10.6 (March) and 28.4 μg-at Si/l 
(November).  
 
Heavy metal contents in Donax scortum collected from 
Padukere beach 
Monthly concentrations of heavy metals found in 
the tissues of Donax scortum are shown in Figure 2. 
In the present study, the concentrations of Mn  
varied from 18.0 to 92.5 μg/g and Zn from 401.5 to 
Table 1 — Distribution of environmental parameters in Padukere beach. Abbreviations: ST-Sediment temperature,  
WT-Water temperature, AT-Air temperature, DO-Dissolved oxygen, SAL-Salinity, EC-Electrical conductivity,  





















Feb 09 29.3 29.9 26.0 5.68 27.2 7.55 47.8 3.58 28.1 __ 
Mar 30.5 30.0 32.0 5.68 27.6 7.99 48.5 2.2 10.6 28.8 
Apr 24.5 26.0 29.5 5.27 27.7 7.88 48.5 1.81 15.1 7.2 
May 28.0 29.1 28.5 5.27 27.5 7.94 48.4 3.12 14.2 22.7 
Jun 26.0 28.0 26.0 6.49 25.4 7.81 44.5 2.61 13.1 578.8 
Jul 26.0 26.3 24.8 5.68 25.3 7.80 44.9 1.88 13.2 1762.1 
Aug 24.8 23.0 25.0 6.08 25.9 7.76 45.9 2.18 13.3 550.7 
Sep 28.5 27.0 26.0 6.49 27.0 8.33 45.1 3.56 16.5 605.8 
Oct 29.2 28.8 27.5 6.49 26.6 8.40 44.2 2.95 10.9 270.9 
Nov 29.0 29.0 27.5 6.89 26.6 8.31 44.1 2.08 28.4 211.7 
Dec 31.5 31.2 28.8 6.89 27.0 8.34 44.6 2.73 22.1 __ 
Jan 10 29.0 30.0 30.0 7.30 26.5 8.05 43.6 1.5 23.6 9.2 




773.0 μg/g. The mean concentrations of Mn and Zn 
metals were 37.29 and 555.25 μg/g, respectively. The 
concentration of Mn was highest in May  
(pre-monsoon), whereas the lowest concentration was 
observed in January (post monsoon). In case of Zn, 
the highest concentration was in March  
(pre-monsoon) and the lowest concentration was 
found in November (post monsoon). During the 
monsoon season, the highest and lowest 
concentrations of Mn were 47.5 and 19.0 μg/g dry 
weight in September and August, respectively. In case 
of Zn, the highest concentration (744.5 μg/g) was 
observed in September and the lowest concentration 
(505.5μg/g) in August. 
 
Dendrogram (Cluster analysis) and Principal Component 
Analysis (PCA) 
The dendrogram showing the clustering of 
environmental variables is given in Figure 3. The 
dendrogram showed the clusters being combined at 
each step. Altogether, there three clusters were found 
in dendrogram. Cluster 1 consisted of water 
temperature (WT), sediment temperature (ST), air 
temperature (AT) and salinity (SAL). Cluster 2 
consisted of phosphate, Mn and (electrical 
conductivity) EC. Cluster 3 consisted of pH, Zn, DO, 
silicate and TR. Temporal cluster analysis extracted a 
dendrogram grouping 12 months into 2 major clusters 
(Fig. 4). The first cluster comprised of June, August, 
September and July. But the second cluster consisted 
of February, April, December, March, January, May, 
October and November. Four components were 
extracted based on eigen values greater than 1, i.e., 
PC-1, PC-2, PC-3 and PC-4 (Table 2 and Fig. 5). The 
results of the PCA generated by Varimax rotation 
method reduced the original data set and explained 
about 84.67 % of the total variance (Table 2). The 
Varimax rotated results explains the possible groups 
or sources that accounted for the environmental 
factors and metals in clam samples. PC-1 accounted 
for 28.41 % of the total variance and loaded AT, WT, 
ST, SAL and TR. In PC-2, the values of loadings of 
parameters, DO, pH and Zn are almost same positive 
values, except for EC which was loaded with high 
negative value. Phosphate and Manganese loadings 
had similar distribution pattern in PC-3. However, in 
 
Fig. 2 — The monthly distribution pattern of heavy metal (Zn x
15 and Mn) concentrations (μg/g dry weight) in Donax scortum 
 
 




Fig. 4 — Dendrogram of temporal clustering of monitoring period 
 








Being benthic macroorganisms, bivalves show 
higher sensitivity towards pollutants. Such organisms 
are considered to be the most reliable tool to monitor 
metal contaminations22-24. The accumulation of metals 
can cause toxic reactions in food chain in ecosystems. 
One way ANOVA indicated statistically significant 
differences (p < 0.05) in the variation of AT, WT, 
DO, SAL, pH, EC and TR (Table 3) except for ST, 
PHO, SIL,  Zn and   Mn.   In  the  present  study,  the  
Table 3 — ANOVA on the seasonal variations of environmental 
parameters and heavy metals 
One way ANOVA 








29.207 2 14.603 5.463 0.028 
Within Groups 24.060 9 2.673   




28.882 2 14.441 4.598 0.042 
Within Groups 28.267 9 3.141   




22.460 2 11.230 3.168 0.091 
Within Groups 31.902 9 3.545   




4.019 2 2.009 19.070 0.001 
Within Groups 0.948 9 0.105   




5.122 2 2.561 10.936 0.004 
Within Groups 2.108 9 0.234   




0.425 2 0.213 4.668 0.041 
Within Groups 0.410 9 0.046   




38.162 2 19.081 90.981 0.000 
Within Groups 1.887 9 0.210   




0.273 2 0.136 0.251 0.783 
Within Groups 4.895 9 0.544   




105.485 2 52.743 1.363 0.304 
Within Groups 348.298 9 38.700   




















Within Groups 78898.375 9 8766.486   




565.292 2 282.646 0.613 0.563 
Within Groups 4148.438 9 460.938   
Total 4713.729 11    
Table 2 — Principal Component Analysis of environmental 
variables and heavy metals 
Rotated Component Matrix 
Parameters 
Component 
1 2 3 4 
AT 0.956 -0.050 -0.236 -0.106 
WT 0.661 0.167 0.160 0.548 
ST 0.618 0.325 0.249 0.493 
DO 0.042 0.812 -0.269 0.433 
SAL 0.794 -0.278 0.382 -0.023 
pH 0.385 0.867 0.212 -0.136 
EC 0.332 -0.845 0.262 -0.245 
PHO -0.081 -0.070 0.894 0.232 
SIL 0.087 0.129 0.016 0.865 
TR -0.790 0.129 -0.146 -0.276 
Zn -0.233 0.811 0.142 0.057 
Mn 0.306 0.069 0.822 -0.141 
Eigen values 3.409 3.037 1.992 1.722 
Variance % 28.406 25.307 16.603 14.346 
Cumulative % 28.406 53.714 70.317 84.663 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
 
 
Fig. 5 — Scree plot of eigen values at Padukere 
 




concentration of Mn observed was lower during the 
pre-monsoon followed by post monsoon and 
monsoon, whereas the concentration of Zn was found 
to be high during the post monsoon season followed 
by the monsoon and pre-monsoon. Fluctuations of 
metal concentrations during the monsoon season 
might be due to the increased inputs of land derived 
metals due to rainfall and subsequent surface runoff 
as suggested by Asha15. Singh et al.3,4 reported higher 
concentration of Fe than Zn and Mn in wedge clams, 
D. scortum and D. faba from Padukere. They stated 
that high Fe concentration observed in these wedge 
clams collected from the coastal area may be derived 
from the Tebma Shipyards Ltd. (shipbuilding 
company) and form anthropogenic activities. Similar 
observations were reported by Sasikumar et al.25 for 
green mussel, Perna viridis along the Karnataka 
coast. In the present study, the concentration of Mn 
showed higher values than that of WHO26 
recommendations and Zn was found to be lower than 
that of NHMRC27 recommendations with reference to 
permissible concentrations for seafood (Table 4). In 
molluscan tissues, the concentration of heavy metal is 
influenced by many factors. It is observed that the 
concentrations of heavy metals accumulated in the 
bodies of marine organisms not only depend on water 
quality but also depends upon salinity, food intake, 
seasonal factor, temperature, spawning and individual 
variation11,28-30. 
The concentration of Zn in the tissue samples of D. 
scortum observed in the present investigation is 
higher than the reports of earlier studies on donacids 
from various regions (Table 4). The mean 
concentration of Mn (47.15 μg/g) from industrial area, 
Panambur was very high in the tissues of D. faba 
compared to the present value (37.29 μg/g) reported 
from Padukere. The present observation on Zn 
concentration, i.e. 555.25 μg/g is very high from other 
values reported by several researchers for different 
species (donacid). The lowest concentration  
(1.80 μg/g) of Zn was reported by Ndome et al.31 
from D. rugosus. In case of Mn, the highest and 
Table 4 — Comparison of heavy metal concentration found in wedge clam tissues in several field studies 
Species Location Mn (μg/g) Zn (μg/g) Reference 
Donax scortum Padukere (India) 37.29 555.25 Present study 
D. faba (D) India 47.15 304.55 Tenjing et al.32 
D. faba (D) India 13.92 140.71 Tenjing et al.32 
D. faba (D) Malaysia - 51.20 Edward et al.14 
D. trunculus (D) Mauritania 12.40 105.00 Roméo and Gnassia-Barelli23 
D. trunculus (D) Israel - 84.90 Hornung and Oren39 
D. trunculus (D) Egypt 21.21 73.99 Abdallah and Abdallah40. 
D. trunculus (D) Morocco - 134.40 Idardare et al.25 
D. trunculus (D) Spain - 107.00 Usero et al.34 
D. trunculus (W) Italy 28.30 10.30 Mauri and Orlando41 
D. rugosus (D) Mauritania - 120.00 Roméo et al.42 
D. rugosus (D) Nigeria 45.90 1.80 Ndome et al.31 
D. trunculus (W) Turkey 9.77 13.19 Özden et al.43 
D. trunculus (D) Egypt 4.80-8.40 22.00-63.40 El-Serehy et al.44 
D. deltoides (D) Australia - 127.00 Haynes et al.22 
D. deltoides (D) Australia - 76.00 Haynes et al.22 
D. serra (W) South Africa 1.39 19.30 Watling and Watling45 
D. serra (W) South Africa 1.15 15.60 Watling and Watling45 
D. serra (W) South Africa 1.30 16.00 Watling and Watling45 
D. serra (W) South Africa 1.93 28.00 Watling33 
D. serra (W) South Africa 1.33 13.00 Watling33 
D. serra (W) South Africa 0.62 17.00 Watling33 
D. serra (W) South Africa 1.39 19.3 Watling33 
D. serra (W) South Africa 1.15 15.6 Watling33 
Maximum permissible limit for seafood 
Seafood Maximum permissible limit 1.00 - WHO26 
Seafood Maximum permissible limit - 750.0 NHMRC27 




lowest concentrations were reported by Tenjing et 
al.32 and Watling33 from India and South Africa, 
respectively.  
Monsoon season (upper cluster) formed a separate 
cluster (Fig. 4). It includes June, August, September 
and July. But the second cluster (lower cluster) was 
made up of two seasons. In the first sub-cluster of the 
second major cluster, December and January occurred 
with other months of pre-monsoon, whereas the 
second sub-cluster of the second major cluster 
contributed by the post-monsoon months, i.e., 
October and November. It is to some extent consistent 
with the second sub-cluster of the second major 
cluster (post-monsoon) with only exception of 
December and January getting clustered with the pre-
monsoon months which are transition months. 
Perhaps the distribution of concentration of heavy 
metals is by the nature and frequency of discharge. 
Usero et al.34 reported a significant correlation for 
concentrations of heavy metals (Cu, Pb, Zn and Hg) 
in D. trunculus and Chamelea gallina relative to their 
concentrations in surface sediments. Similarly, a good 
correlation between concentrations of heavy metals in 
animal tissue and sediments was reported by  
Baumard et al.35. 
PCA was used to discover and interpret 
relationships between variables. The eigen values, 
percentage variance and cumulative percentage are 
shown in Table 2 with component scores based on the 
eigen values more than 1. PCA performed on 
environmental parameters and heavy metals revealed 
a total of four components. The results showed 
positive and negative loadings with a Varimax 
rotation as well as with the eigen values (Fig. 5). The 
range of PCA loadings considered was from -0.5 to 
0.5 and the variation in the variables at Padukere 
indicates that the two metals might have the different 
sources. Distribution of PC-1 and PC-2 loadings are 
shown as a scatter plot of individual variables in space 
spanned by axis PC-1 (along x-axis) and PC-2  
(y-axis) separately (Fig. 6). In PC-1, Zn was 
negatively correlated, whereas it was positively 
correlated in PC-2. In PC-3, it is proved that Padukere 
showed high positive loading of Mn concentrations in 
wedge clam, D. scortum. Earlier studies reported 
different variations of heavy metals concentration in 
Donax faba3 since the study area is closer to Tebma 
Shipyards Ltd. Effluents contributed greatly to the 
accumulation of heavy metals by tissues since they 
are filter-feeding organisms. 
The variation in heavy metal concentrations in  
D. trunculus was related to the marine currents and 
the reproductive cycle of this species in the Gulf of 
Annaba36. The high accumulation of metals coincided 
with the reproductive phase of bivalves and low 
currents36. A drop in metal concentrations coincides 
with the spawning period while during gametogenesis 
increased rates of metal integration was observed25. 
Fully developed gonads of marine animals were found 
to retain more concentration of metals in a number of 
the studies29,37. It has been reported that the 
accumulation of heavy metals in clams (D. trunculus) 
and mussels (Mytilus edulis) might be affected by 
reproductive cycle24,38, but it was significantly 
different between females and males28. During 
breeding season of the molluscan bivalves, abiotic 
and biotic environmental factors may contribute to the 
wide variability of metal concentrations in the meat. 
The variability in all heavy metals at Padukere is 
associated with increased river inflow which 
apparently more important compared to Panambur 
beach2.  
There is a high content of heavy metals at Padukere 
beach located nearby Udayawara river released from 
Tebma Shipyards Ltd., fishing harbour and other 
anthropogenic activities. The present study on 
environmental parameters and heavy metals in D. 
scortum from Padukere beach showed seasonal 
variation in metal concentration levels. In the recent 
study by Singh et al.2-4 found out that the metal 
concentrations in the meat were very high along 
 
Fig. 6 — Scatter plots of PC-1 and PC-2 from the result of the 
Principal Component Analysis  




Karnataka coast. Tenjing19 reported that sediment and 
water are closely related to life cycle of bivalves in 
the same study area. In, view of these, a monitoring 
program should be taken up for local people to 
understand the knowledge of toxicity. Although the 
present level of different metals is above or below the 
international permitted values, it is necessary to 
conduct monitoring programmes to control the metal 
concentrations and to avoid any health associated 
issues upon consumption by human beings.  
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